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Abstract 
     Toward facilitating the everyday life of disabled people researches have put together technologies such as computing, 
networking and telecommunication in one environment called a Smart Home. Enabling disabled people to overcome their 
handicap by providing a system that replaces what they lack is what makes such a work interesting and important. We have 
developed such a space by stepping ahead of past researches and not only reaching a preprogrammed automatic home, but also a 
learning and self-adapting intelligent home. This was accomplished by integrating two types of neural networks to our system. To 
show the effectiveness of the system, we developed a first prototype that covers parts of the theoretical design. Further work can 
be done by actually transforming our prototype to an actual house where disabled people may benefit from. 
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1. Introduction 
     In order for disabled people to be independent and autonomic in their environment, features such as freedom of 
movement, easy access and control should be available. The goal of this project does not lie in this last point only, 
but also the integration of all these assistive parameters in a fully complete Intelligent Smart Home design. 
Researchers have taken interest in this topic since a long time for its importance and necessity in the evolution of 
life. Some past researches focused on how to automate a home and enable it to operate remotely, others focused on 
how to make it a safe place, and few recent researchers have introduced artificial intelligence to learn what the users 
do every day and predict their actions. In our project, we tried to take into account the different aspects of a smart 
home such as home automation, comfort, security, and health. It relays on two types of neural networks (Feed-
Forward and Recurrent), which will be detailed further in this paper. The first is intended to learn peoples’ habits 
and activities in order to be able to predict their next move and take action on behalf of the users. The second will be 
integrated with safety and security system to calculate pre-alarm alerts to achieve a high level of awareness of all the 
surrounding. In addition the system is connected with the outside world for remote control, maintenance and alarm 
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communication with the responsible authorities. Needs differ as disabilities vary; the aim is to reach a system that 
can endure a large variety of disabilities with an easy to access interface. Throughout the next sections we review
related works, introduce the research theory and discuss our system in terms of analysis and technical features.
2. Related Work
The domain of smart homes is far from new since there is many researches and projects that have seen light. In 
2000, one of the first Smart Homes was developed in Boulder (Colorado) and is called “The Adaptive House”. It
used monitoring based on neural networks to create a house for elderly people. The house was comfortable but the
implemented artificial intelligence features were limited and did not use all what neural networks may to offer in 
this domain. In 2004 the University of Texas at Arlington developed the “MavHome” concept, for people with 
mobility disability and regular memory loss, which used data collection to learn patterns and detect irregular ones.
The project didn’t proceed to use artificial intelligence to try to predict the users’ next move or use it to develop a 
smart alarm system. Also the house lacked the interaction with the users with the system and neglected their choice
of action to make it an automatic house. Many other projects have studies this area in the same way holding back 
main features in a smart house. In 2006 the University of Melbourne in Australia made an improvement and
introduced artificial neural network in their smart house system, but again neglected the interaction between the
users and the system making everything automatic with no choice for the user. Also they neither used the artificial
neural network to try to develop smart sensory and alarm systems nor did they improve their system to be able to
target people with disabilities. In 2009 the “a2o” Prototyping Interactive Architecture tried to join these features
together, but still limited the use of artificial intelligence to learn few rules and apply them in the smart home
system. Also the system was limited for people with mobility disabilities1,2,5,7,10.
3. Theory
A smart home is one of the ideas that people devoted both money and time to reach the perfectly smart. As
projects in this area started to increase the will to move forward and introduce more advanced technologies
appeared. A wide range of technologies were proposed and experimented. They mainly differ with regard to the
purpose and target of the smart system. Most of the technologies used in Smart Homes have been originally used in 
other areas; others have been developed specially to fulfil the expectations of a Smart Home system. During the 
development process designers have reached an advanced stage in home automation, security and health care.
However limitations appear in terms of intelligence, automatic control and designing a Smart Home with a wide 
range of features that can cover different aspects of users’ needs. Our research project enables a design that
combines much of the above in the same system. The developed prototype consists of the software interfaces that
enable the users to manage, control and access the whole system. Integrated within the software is the neural
networks and other aspects of the system to be details further in this paper. On the hardware side, the prototype
included the control and the monitoring units, smart alarm systems, and some sensors used in the project.
3.1. System Design
As a general overview, the system design consists of two internal network Backbones. The first one serves as the
Fig.1 System Design Diagram
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main network and the second one as a backup of the main network, (See Fig. 1). The purpose of these networks is to 
connect the different elements of the whole system. Similar to the internal networks is the two external networks 
which enable the communication between the house and the responsible authorities, and for other administrative and 
remote access purposes. For adaptive learning two artificial neural networks are available. They are responsible for 
predicting the likelihood of an event so the environment may be adapted to the user’s needs and anticipate his next 
move. The neural networks will use collected data from sensors and cameras to complete their learning process.  
 
A regular feature in a Smart Home is automation, which allows controlling and monitoring of all devices in the 
house. Another feature is security which is possible using access code on main doors and windows, motion sensors, 
smart cameras with face recognition to identify movement around the house, smart fire alarm and a reliable 
connection with the police department. 
 
Health care and safety of the users inside the house are also essential features; these tasks are for example 
accomplished using a fall detection mechanism, humidity sensors, oxygen sensors, and constant monitoring of vital 
signs and monitoring the user’s daily activities for abnormal events such as lack of eating or slow movements. In 
addition, the system will monitor his medical problems and set a schedule for his medicine and alerting him when it 
is time to take it or when he is nearly out of medicine. On top of all that a reliable connection with the emergency 
personnel and the medical team is established. The activity of one feature could sometimes depend on another 
feature, which is why the smart house system is fully connected through a backbone network so features can interact 
and exchange information for better decisions and cooperation. 
3.2. Analysis 
     The main important feature for the users is to provide them with a suitable interaction method with a complete 
interface to communicate with their home environment. Such interface should be consistent with their disability in 
such a way that they can interact without letting their disabilities hold them back. For instance a person with 
physical disability may need a lightweight mobile interface, and a blind person or a person with no hands needs 
voice recognition software. In our system four main interaction devices are planed:  
 x A main computer which will act as the server and data storage for the system. 
x A handheld windows 7 tablet. 
x A wireless microphone for speech recognition. 
x A smart TV. 
These interface devices offer easy access and control to the system enduring. They may all interact with a C# 
program using Microsoft visual studio 2008 Asp.Net platform. It is installed on the main server and it is the core 
link between the users and the Smart Home system. 
 
The server’s screen may be extended to all smart TVs in the house using HDMI connections, so the main 
software is available on a fourth device for access using a remote control. Speech recognition software enables the 
users to access the software without even moving. It works by learning the tone of the user so it accepts commands 
only from this specific user. Special commands are necessary in case of a speaking problem such as a tone change. 
In each room a wireless receiver and a speaker will be installed in the ceiling. The wireless microphone may be 
equipped with a location detection mechanism using the receivers in each room so the vocal feedback from the 
system will follow the users wherever they go inside the house. The speech control mechanism also may offer the 
users the option of asking the system a predefined number of questions that each person could ask another person 
every day, such as the time, date, the weather, the local news etc. This will give disabled people, who are living 
alone, independence and companionship. In addition, speech control can be used to control the main server and 
access the internet which will be available for the users and technical team members. Upon entering a command by 
the users, and if it takes for example more than three second to complete, the dispatcher will be responsible of 
providing continuous feedback (voice or visual) to the users until the command either returns ok/failed result or is 
aborted. The speech recognition software is in its research and simulation stage. The visual and speech user 
interfaces are separated so users can depend on one or on both. All functions and characteristics available in one are 
found in the other. This may help people with physical disabilities and individuals with low vision or even blind or 
people who cannot hear or speak.  
120   Ali Hussein et al. /  Procedia Computer Science  37 ( 2014 )  117 – 126 
 
The back-bone of a Smart Home is what links all parameters together with a flexible and reliable network. 
Depending on just one network protocol is never 100% reliable,. For our design we are considering the use of 
Insteon technology which is the combination of a wireless network with power line communication (PLC) as 
redundant to each other. The backbone of our system can count on a dual mesh network of a main wireless ZigBee 
connection and a backup PLC network. The ZigBee protocol is chosen for its flexibility and reliability, since it 
consists of a mesh connection. Thus, there is more than one way for messages to reach their destination. Should this 
network fail for any reason temporarily or permanently, the system will automatically switch to the PLC network 
and the first network will be diagnosed. 
3.3. Technical features 
Home automation is the principal feature in any Smart Home. For this purpose the electrical devices are equipped 
with a control board which is a combination of an Arduino microcontroller, an actuator which will be mainly a relay 
and a difference amplifier circuit acting as a power measurement module for power monitoring. All control boards 
have the capability to connect to both our network systems. Control boards are used to switch devices ON/OFF, also 
a power consumption reading will be sent back to the main server. For better and more comfortable vision light 
control uses the same control board with a slight modification, which is a dimmer.  
 
A controlled house is a sensed house, where critical areas such as main entrance, back door and main rooms are 
monitored and sensors are installed to provide the system with any detected changes. Sensors are mainly used to 
trigger signals or to monitor part of the system. In the second case, the output of the sensors will be a readable 
information about the surrounding environment. All sensors in one room are linked to a monitoring board which will 
be connected to both our networks. The monitoring board will be the link between the system and the sensors. 
Temperature control system may be installed in each room. This system can be controlled by the users manually or 
automatically according to programmed criteria. Humidity sensors in each room may be set to feed the system with 
humidity level. Motion sensors may also be used, not only for security, but also to activate the lights in case 
someone was passing through at the middle of the night, and also to detect the presence of the user in each room. 
Fall detection mechanism may also be installed using motion. 
Heat sensors may be set in the kitchen to monitor the cooking process and notify the users when threshold is 
reached. Magnetic contacts may be used on windows and doors to detect if and when they are closed or opened. 
  
Security is another feature designed in our system. A fully connected camera system is indented to monitor the 
safety and security of the users. In case of any suspicious sign, the alarm communication system will use the camera 
to take a picture of the situation and send it with the appropriate alarm. The artificial neural network program may 
be connected to the camera to learn the habit of the users and collect information about the environment that may be 
used to predict the likelihood of events and enable the system to adapt itself to the users’ needs and habits. 
 
In any smart home, it is important to maintain the area secure. All doors may be remotely controlled using 
automatic and manual locks. When someone is at the door a video feed will be sent to the users so they may 
remotely open the door. Upon leaving the house, the system will notify the users about that event and all lights and 
devices that are switched ON. They can take action directly or leave things up to the system to deal with them. 
When the users leave the house all windows and doors will be closed and locked automatically, unless the users 
decide otherwise. 
 
A neural network based smart fire alarm system is implemented. It is set to predict fire by constantly monitoring 
the levels of carbon monoxide, oxygen, and then communicates with the fire department personnel as soon as 
something is wrong so they can be there in time. The fire system may even pinpoint the fire when it starts using 
image processing software and notifies the fire department personnel on their way to the house. Moments before the 
fire starts, the security system will notify the users and show them the nearest exit, unlock the doors, triggers the 
emergency light system to light the way. If the users are not able to get out of the house, the system will send their 
exact location to the fire department. 
 
Health care is an essential part of a modern Smart Home for elderly and disabled people. Here the system will 
121 Ali Hussein et al. /  Procedia Computer Science  37 ( 2014 )  117 – 126 
 
monitor the users’ health using a medical bracelet that transmits the vital signs of the users to the system. After the 
users’ normal daily activity is learned by the system any abnormality in their movement, eating even talking sound 
can be recognized and the medical department can be alarmed to check their health. The system is responsible of 
reminding the users about their daily health activities including taking their medicines. Thus the system will keep 
count of the available medicines and inform the users and medical personnel if it remains less than a pre-defined 
minimum threshold. A schedule for taking the medicines is available for the users, and alerts will be triggered when 
it is time. If the users are off schedule, the medical personnel will be informed. The bathroom tub may be equipped 
with water level sensors that will shut off the water before the tub is over flooded. The toilet, sink and tub can be 
manually and remote controlled by the users. A timer may be set when a user enters the bathroom and when it 
reaches the first threshold the system will try to interact with the users, if there is a response the timer will proceed 
to the next threshold; else an alarm will be triggered and sent to the emergencies.  
 
Our Smart Home system design has the characteristic of automatic control of different areas of the house. Pre-
defined timers may be set, according to the users need and throughout adaptive learning, to switch ON/OFF lights, 
AC, coffee machine, music, TV and all other devices. Also, user defined timers are possible to provide the users 
with a feeling of control over their house. To offer a high independent and comfortable environment the system can 
provide the users with control over their daily activities before taking automatic action, which is only available in 
non-critical situations. Furthermore, the system keeps constant monitoring over the users’ actions and takes control 
in case of an accident. If users wake up at night the smart cameras will detect this movement and lights up the room. 
For instance, if this corresponds to the action to go to the bathroom, the bathroom lights will be switched on. When 
the users go back to bed the lights will go OFF. The atmospheric mood is automatically adjusted after the system 
learns from the previous changes the users made and from their reaction regarding the previous temperatures.  
 
Communication with the outside of the home should be reliable, so alarms are guaranteed to be delivered. Since 
no connection alone is 100% reliable, redundant connection must be used. Our primarily connection is the internet 
for it provide a wide range of use rather than flexibility. As a redundant connection fixed telephony is our second 
choice. Fixed telephony alarms are limited to voice mails. The internet on the other hand allows the exchange of 
images and video streams which allow better analysis of the situation, and easier and faster response. Also, voice 
and text alarms may be sent to the correct destination. Since the internet connection is available on the main server 
the administration staff can perform remote maintenance and updates on the system. In addition, the users will have 
the capability to remotely access their house and check on it, while they are out or on vacation.  
4. Experiments and discussions 
4.1. Software Prototype 
The software prototype we developed is mainly based on a Microsoft visual studio program written using C# 
programming language. It is an easy to use web application with six web forms. The main page provides a clear 
picture of the purpose of the software and contains a list of all smart devices available for control and monitoring. 
The users can easily pick any device and switch it ON/OFF. The program uses an UDP (User Datagram Protocol) 
connection to send the right code to the system network that is then passed through to the correct control unit of the 
targeted device. From the main page the timer page can be accessed. In this page, the users can set alarms for each 
device and program it to be switched ON/OFF at a specific time and date. Immediately when a device is switched 
ON, the control and monitoring unit responsible for this device will calculate the device’s power consumption and 
send it along with an acknowledgement using the same UDP connection back to the server. So the program will 
display the power consumption of each device. The switching process, alarm setting, and power consumption need 
to be logged for future use. It is for this purpose that the third page was made. Connected to an SQL server database, 
the program uses relational tables to save all the data to be searched by the users according to different parameters. 
In order to give the users an easy control and visualization mechanism, the fourth page was developed. Using this 
page the users can see what devices are turned ON and since when they were turned in addition to the power 
consumption beneath each device. The fifth page is intended to be used to monitor all alarms, sensors and cameras 
in the house. Using this page, users may check if everything is safe and secure. This page is connected directly to 
our feed-forward neural network which determines the outcome of each alarm, such example is the fire alarm that 
we discussed earlier. The sixth page is not viewable by the user; it is for administrative purposes only. It is 
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connected to our recurrent neural network (RNN) and holds all records of the users’ activities using the same 
relational database. Records of the outcomes of these neural networks are kept for future diagnostics. The output of 
each neural network is passed to the responsible part of the software to be processed and for it to act accordingly. 
Along with the six pages, the software includes classes for automatic control with pre-programmed timers according 
to the users’ needs. Inside the main page, the users may choose between the automatic and manual mode. 
Nevertheless the program will take over in case of any alarm applying the predefined alert strategies to secure the 
users and ensure their safety. 
4.2. Control and Monitoring Unit 
The control and monitoring unit is responsible for switching ON/OFF the devices and calculating their power 
consumption. This unit will open an UDP connection with the main server through the system backbone network. 
Each unit can control up to five devices. The unit is a 10cm by 10cm box so it can fit easily on the wall or any other 
place without taking much space. The control and monitoring units consists mainly of an Arduino controller which 
is the microprocessor of the unit and an Arduino Ethernet shield to connect the microcontroller to the network; a 
control circuit that is developed using a relays to switch the devices ON/OFF; a current consumption circuit which is 
developed using an LM741 difference amplifier circuit (see Fig. 2). Upon receiving a code for a specific device the 
Arduino will process this code to identify the targeted device and the desired action. Then, it sends a signal to the 
responsible control circuit. After that it reads the analog signal coming from the measurement circuit of the targeted 
device. The data may be now sent back to the network. 
 
 
 
 
 
 
 
x Current Measurement: 
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When RF is set equal toR2 and RG is set equal to R1: 
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I: is the current consumed by the load (see Fig. 2). 
x Control Circuit: 
The signal from the digital pin of the Arduino will trigger the base of the transistor pulling its collector to the 
emitter and by that pulling the relay pin to the ground. This will allow the relay to switch as it is now connected with 
12v and ground. Switching the relay will close the electric circuit feeding the device, in this case a lamp, with 
electricity (see Fig. 3). 
4.3. Neural Networks 
 In our experiments we designed a smart fire alarm detection system. It uses a perceptron based feed-forward 
neural network developed using an input layer with 5 parameters and an output layer with a single output. The pre-
defined criteria and events are studied for a period of time (see Fig. 4). These arrays of data have known outputs. 
Fig.3 Device Control circuit  Fig.2 LM741 difference amplifier circuit 
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Fig.5 Reccurent Neural Network connection Fig.4 Feed-Forward Neural Network connection 
Studies suggested five main parameters to be monitored in order to conclude if there will be a fire or not. So here we 
have a Boolean output: either there will be a fire or not. These five events are carbon monoxide level with a normal 
level of 35ppm and a threshold of 100ppm, oxygen concentration with a normal level of 21% and a minimum 
threshold of 13%, smoke detection, heat level, and flame detection using image processing software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In our experiment, we used sensors to collect data from the environment to obtain a large set of records. This set is 
then divided into two subsets, with the first 75% are for learning and the second 25% are for testing. When the 
learning process is finished each event will be given a specific weight according to its importance then the testing 
process will start. Now, the network will be fed with combinations from the second subset. After the output in ready 
it will be compared with real output and error evaluation is done. According to the Delta Rule the weight will be 
changed to increase the efficiency of the network, this process will be repeated until the error is close to zero. The 
network is connected to the Smart Home prototype system. 
 
Another neural network is also designed for the purpose of learning the users’ habits and predicting their next 
move to adjust the home to that move. This network is a recurrent neural network (see Fig. 5) developed using an 
input layer with 3 parameters and an output layer with 2 parameters. The bipolar sigmoid and hyper tangent 
functions were tested for this purpose. Due to its better results the bipolar sigmoid function was used. The structure 
of a recurrent neural network is similar to the feed-forward network except that, there are connections between 
neurons that feedback the output of a neuron to the input of the previous neuron to back propagate calculating new 
weights for each neural until reaching the best error rates. A RNN is normally efficient for dealing with sequential 
problem where the current state depends on past states of the same variable (e.g., human behaviour prediction in a 
Smart Home). The data gathering stage of this network will be samples from the daily activities of the users, such as 
switching devices ON/OFF, going to the bathroom, increase/decrease the temperature at a specific time of the day, 
taking a nap, drinking water every 30 minutes and watching TV before bed.  
 
We simulated this stage to create a set of records similar to a normal everyday life of an elderly or disabled 
person taking into consideration their needs and benefitting from studies in this domain. The next step will be the 
learning and testing stage, which is similar to that of the feed-forward network. Our designed RNN accepts a set of 
two or three actions and calculates the probability of two probable upcoming actions. The network uses action 
sequence that it had saved during the learning process.  
5. Simulation Analysis  
Different parts of the project were tested to finalize the study and show to what extent such a system can be 
trusted. Fig. 6 shows a simulation scheme that was taken from a virtual but close to real life case study performed on 
a disable person. In this experiment the patient’s activities during the day are generated for a week and those data are 
used as a training set. Then a sample of one day was used to test the system and see how well it will predict the daily 
life of the patient. The activities are listed in the right of the picture and a tracker (x) was used to follow the 
footsteps of the patient. This simulation shows the home automation part and the different types of massages that the 
system uses to communicate with the user. 
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When the user wakes up the bedroom light automatically turns ON (see Fig.7). Then he goes to the bathroom for 
his morning bath so the bathroom light turns ON and the bedroom lights turn OFF. After that he goes to the kitchen, 
and on his way, the corridor lights turn ON and the bathroom lights turn OFF. At the kitchen door, the lights turn 
ON along with the coffee machine and the corridor lights turn OFF. After his coffee, the system will send a message 
to remind him to take his first medicines (see Fig. 8). 
 
Before he goes out, the system will ask the user what he wants to do with the devices that are turned ON including 
heaters, stove and other electrical devices. The user has the choice to turn them OFF or set a timer for each of them. 
The user takes his lunch out of the house so the system will send a message to remind him to take his second 
medicine. When the user goes back to the house he will take a bath and a nap, the lights will be set accordingly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When he wakes up it will be TV time. When he reaches the living room the lights and TV will be turned ON. 
Upon leaving the room the system will ask the user if he has finished with the TV to turn it OFF. After dinner, the 
system will remind him to take his first medicine again. Before he goes to sleep the system will ask for his action 
regarding the heater; does he want to turn it now OFF or set a timer or just adjust the temperature. Before the system 
takes an important action, he informs the user of this action and gives him the option to manual control the related 
devices. It is up to the user to take the final decision for such not risky situations. 
 
This weekly sample of the patient’s activities may also be collected through sensors and cameras to create the 
learning data for our behaviour prediction neural network. This network will use the learned patterns to calculate the 
next activity of the user when he starts a certain pattern of activities. After the decision is made, the system is taught 
to set the environment, using home automation (see Fig. 9 and Fig. 10). 
 
Fig.6 System Simulation Scheme 
Fig.8 System Simulation Medicine reminder 
Fig.7 System Simulation Bathroom Area 
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As shown in the Fig. 10, one sample of an array of user activities is [wake up, turn on the lights, take a bath]. 
These are the user’s usual morning activities. When the third action in this sequence is detected by the system it will 
predict his next action being either taking coffee or having breakfast and sets a prediction value (percent) for each. 
This prediction is calculated using the learned sequences during the study stage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Here the system will interact with the user asking him what he prefers between the two predictions then 
automatically turns ON the coffee machine according to his choice. Another example is if the user’s next action is to 
take a long bath. The system will make sure that the water is warm and the humidity sensor in the bathroom is 
functioning normally and starts monitoring electrical equipment in the bathroom in case of any accident (see Fig. 11, 
and Fig. 12). 
 
 
 
 
 
 
This is a sample of a user’s daily activity and at the end of the simulation the system showed that it is working 
properly. Table 1 shows the details of the neural network simulation results. 
     Table 1. Neural Networks testing results. 
Neural Network Number of samples for 
learning 
Number of samples for 
testing 
Testing Results 
Fire Alarm Prediction 63 sets 23 sets 95 % correct 
User behavior prediction 65 sets 21 sets 80 % correct 
 
Fig.9 General Prediction scenario 
Fig.10 Prediction Neural Network scenario 
Fig.11 System Simulation Heater Control 
Fig.12 System Simulation Heater ON 
7:00 am 
Wake up 
7:00 am  
Lamp ON 7:10 am 
Take Bath 
The system predicts that the person wants to take coffee so 
it turns the machine ON to prepare a cup. It asks the person 
if she wants coffee or breakfast first. 
70% 30% 
7:30 am  
Take coffee 
7:30 am 
Breakfast 
7:50 am 
Go to work 
Act. 1 Act. 2 
Act. 3 
Pred. 1 Pred. 2 
X% Y% 
Action 1 
Action 2 
Action 3 
The system calculates the prediction of the next 
activity 
Prediction 1  Prediction 2 
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6. Conclusion 
We have presented in this paper a theoretical design of a Smart Home environment for disabled people. A 
prototype was developed and simulations were run to show the effectiveness of this system. It is noteworthy that the 
design used for one user may differ from that of another user depending on their situation and disabilities. Thus, it is 
not required to have the whole system set in the same manner for all the users.  
 
Throughout this paper we have seen the significant importance of a Smart Home to help disabled people in their 
everyday life. In addition to the aspects that form such a space, including the importance of artificial intelligence 
through the benefits and progress it can make in such a domain. In the near future, we are planning to further 
develop the prototype and make it much closer to the theoretical system we designed. Then, it will be validated by 
performing more extensive and real life experiments. 
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